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Htokel

Tests were conducted with a double-row radial, aficooled engine
to drmestigate the ever.alL cooling characteristicsand to analyze to
what extent varlatlcms in temperature distribution among the cylinders
were caused by variations In coolln&alr pressure drop, power, and
fuel-alr mtlo. The tests of temperature distribution wme made over
a range of engine powers frcm M@O to 170C bmdce horsepower. The
lesvlta also allowed eatbatten of the Improvement in the oylinder-
temporuture pattern thct mi@t be attained through Improvement In the
distr~.butionof cooli~-mir prmsure drop, pover, and fuel-air ratio.

The results indicate that a correlation of the over-all data and
‘&e in~ividusl oyllnder data was poesible; the slopes of the indlvidual-
c~linder correlation curves were the same but the levels varied. For
the remge of powers investigated,a dfrect correspondencewas observed
between the cylinder-temperaturepatterns d the distribution of
coo15q-air pressure drop, power, and flml-atr ratio altioW@ ave~
tempemture differences of 20° F wem obsemed between the measured
qdinder-head temperatures and tl%osocslonlate~ frcm the lndividual-
cyllnder operating conditions. These Wnpemture differences pre-
sumably result from uncontrollableand maooountabls variables and
aU@J. variations in instrumentation. The variations in cyllnder
tempemture that may be attdned through impromment b the dis-
tribution of cooling-air pressmo @mp, power, and fuel-air ratio
are of ths same order as the difference between the observed and
the calculatmd cylinder temperatures; that Is, an averago of approxi-
nmtoiy +200 F.
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An alr-ccoled aircraft engine requires”either an adegyate flow
of cooling air or a suffIcientQ enriched mirhn% to maintain the
critical temperature regions d each cylinder beluu any value that
might Zead to engine failure. When the twprature d’fifers greatly
among the oyllnders, this requirement is greatly increased and in
turn the airplane performance is seriously restricted. In m’dt)rto
avoid these temperature differences, the causes of nonuniform tem-
perature distribution, which ~ be nmmntiorm distrlbution of some
of the operatIng variables among the cylinders, individual cylinder
characterlstlcs, or a ccaubinationof such variables end character-
istits, must be determined.

The present Investigation af the distribution of the cooling-
air pressure drop, indicated horsepomr, and fuel-air ratio among
the cylinders was undertaken in an effort to detenuine the possible
causes M nonuniform temperature dlstributicm. A question exists,
howuver, 8s to whether all temperature nonuniformity may be accounted
ft-rby var5.ationsin ccoling-air pres- drop, p~wer, and fuel-air
ratic. Data fran unpublished NACA tests have disclcsud that a gen-
erally poor ccn?respamkme exists between the temperature and the
operating conditions of each cylinder and also that, even when the
difficulties aF f’ual-alr-ratiodlstributirn have been groat’ly
relieved, through improvod mlxhre distribution, a nonuntiormity at
c~llnder tc.mperatui-fidlst~ibutinn still persists.

The average cooling FGtiormance of & air-cooled multicylinder
onghe is described by relating the average temperature of all the
cyllnders to the avmnge ccoling-air pressure drop, engine power,
and over-all fuul-afr ratio by mmns of a nmthcd introduced by
Pink61 (r&oronce 1). By this avarage relation, a chang~ in one crP
the variables be?ng investigatedwlil show Its effect upon thu aver-
age teqxmature of all thu cyilnders.

A further refinement @ the cooling perfomanc e can be made by
detemn!.ningthe variation & cooling-air preesure drop, hd~.cated
horsepower, and fuel-ah” ratio among the cylinders and comparing the
pertinent factors to the !ndlvidual cylinder temperatures. By this
methd it can be observed how the Individual cyilnder operating con-
ditions will cause the =tuai cylinder temperatures tG vary from the
avez-agetsmpemture of all the cylinders. In order to determine the
amount by whfch the variations of cooling-alr pressure drop, power,
and fuel-a~r ratto till account for the variations in cylinder tem-
peratures, the kta for each cylinder were correlated and a compar-
ison was made between the observed cylinder temperatures and the
calculated cylinder teunFeraturea.

.. _ . .
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Detailed tests were undertaken at the NACA Cleveland laboratory
with a double-row air-cooled engine installed in a test stand in
order to Investigate the individual cylinder temperatures of a mult1-
cyllnder engine as well as the relation of the average taperature
of all cylinderEIto the engine operating condltlme. I&cm the
ana4sle of these test data the magnitude of the temperature differ-
ences as well as the reduction in temperature variation that could
be expected through Improvements in cmllng-air pressure drGp, power,
and fuel-air-zatlo dlatribution were detezminsd. The teeta owered
a wide range d engine oonditlone frczn500 to 1700 brake horsepower
at various values of the uver-all fuel-air ratio aud coollng-atr
pressure drop. Distributions of the temperdmre, the fuel-air rat10,
and the oooling-alr pressure drop WBre d.etemnlnedfor each test;
separate tests were conducted to detemnine the distribution of engine
power.
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SYMBms

The following symbols are used In this reyort:

specifIc heat of air at constant pressure and normal alr
temperature, 0.24 Btu per pound per %@’

gravitatIonal acceleratim equivalent, 32.2 feet per second
per second

indicated horsepower

mechanical equivalent of heat, 77S foot-pounds per Btu

emplrlcal constant uf proportIonality

engine speed, rpn

empirical exponents

cooldng-alr pressure drop,

coollng-alr temperature at

inches aP water

cowling entrance, %’

cylinder-barrel temperature, %’

c~buretor+ck temperature, %

mean effective ccnubustlon-gaetemperature, %

.-- . . . — . .
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mean effeotlve ccmbustlcn-gae taperature for 0° F man.ifold-
alr temperature, %

cylinder-head temperature, OF

dry manifold-air temperature, %

superdumger ~mpeller tip speed, feet per second

ratio cd ccoling-atr dene;t~ to denBlty of
29.92 inches &f mercury and 100° F

IESCRIKCION ~ TEST E~

Ayparatua

TEe ccollnR investigationwas made wtth the

_ s’unmerair,

ea~lne installed in
a low-inlat-vel~lty ccwii~ sad mounted cm a test ~tand (fig. 1).
‘i%.ia13-sylinderj doub?.e-rcw:rsdflai,ai~-ccoled eng:ne has a take-
off rating of 1850 brako Earsepowen at an e~iae speed cf 2600 rpm.
The engine was equipped with a t~cquemetor incorporating a
16:9 .-duction-&ar ratia. The ~ar-dz-iven eingle-stage supercharger
has low and high gear ratics cf 7.6:1 and 9.45:1, respectively. The

engine power was absorbed by a 13$#oot-diameter, three-bladed pro-

peller, operating in a bellmouth installed tc prevent backflow around
the pro~eiler tips.

The fuel-metering or+fllcecf the j.njgctioncarburetor used was
enlazzge~to ~ermit extending the investigation to very rich mixtures.
The fuel was in~ected Into the combustion-air stream by means of the
standard spray rhg located at the im-wller inlet and rotating with
the impeller.

The com3ustlcn alw was ducted through the intake paasages of
the cowlhg. Cooling air was supplled to tke engine through a duct,
wh~ch had a 30-inch-diemetGr outlet and dlschar6ad 4 feet from the
ccwling entrance. A near~v un’fiormpressure distribution was
attained over the fats of ths engine by ad~ustlng the position of
the duct Gutlei with rosyect to the ccwling entrance. With this
met?md & supply, valms of cccling-alr pressure dzope us to
15 hches d? Wa=er wGre available.
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-- . . Preseuze tubes..-The pressure of the cooling air upstream
of the engine was measured 3 inohes ahead of eaoh front-row cyl-
inder by a pair & shielded total-pressure tubes. One tube & eaoh
pair was boated in front of a oylinder head and the uther in tront
of a cylinder barrel (fig. 2). A vertical rake at the baffle outlet
& eaoh cylinder supported two statlc-pressure tubes behind the head
and one static-pressure tube behind the barrel. The tube openings
were about 2 Inohes downstream of the cylinder. Proseures were
recOrded by photographing a multitube mananoter.

Thermocouples. - Tempemdmz’es were measured at the rear spark-
plug gasket, at a point directly below ‘he rear spark-plug boss, and
at the rear middle & the oylinder barrel (flg. 3). The teqerature
& eaoh rear spark-plug gasket.was measured by a gasket-ty_pethermo-
couple and the temperatures below the spark-plug bos~ and at the
rear middie barrel were obtained by Iron-oonstantan thermocouples
embedded approximately one-eIghth inoh below the surfcoe of the
metal.

The temperature & the air entering the cowling was measured

by three thermocouples 120° apart and ~ Inohes ahead aF the front-

row cylinders. Thermooouples looated o= the vertical rakes down-
stream of eaoh cylinder measured the temperature ~ the air leaving
the head and the barrel d each cylinder. JU1 temperature readings
were taken by autcmatic recording potenticmmters.

Etiust-gas SEKU@h& system. - The fuel-a~ rat10s of the
indlv~l cylinders were determined frcm an Orsat analysis of the
exhaust gas fran eaoh cylinder. Samples & the exhaust gas were
obtained through stainless-steeltubes of l/4-inoh diameter looated
in the stacks immediately duwnstresm of the e-at port. The intake
end of eaoh tube was flattened to fman a slot 0.01 inoh tide & the
type rec cmmended in referenoe 2 to reduce ccmtcmlnatIon. A detailed
discussion of the sampling equipnent and technique used during tho
tests reported herein IS given in reference 3.

Tests were cnnduoted (referenoe 4) to detemine whether the

sample obtained fran en individual staok was charaoterid ic of that
particular oylinder when the engine is equipped with a aolleotor ring.
The results & tests made at various engine powers and speeds showed
the maximum dilution of the sample to be less than 5 peroent, which
produoed en error & less than 0.001 h the fuel-air mtio.

.— —_ —---- . . . .— - —.. -. .-. .
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means of dete~lni~
the cyiinders of the

englae, a cylinder-?.gnl.tkm shm%~ system was installed by which
the ignition ti any cylinder could be terminated for any desired
length & ttie. When a particular cyiflnderceased fIring, the.total
brake horsepower of the engine was reduced by an amount appsoxlmating
that of the indicated horsepower & that cyl~nder. The total power
af the engine was checked after each cylinder was permitted to fire
a@n to make sure that nn c-” had occurred in engine operating
condttlcms. The ignition of each cylinder was shorted by breaking
the hi.@-tension circuit cf both spark plugs and grounding the
dlstributor ends of the breaks. As a means of breakl~ the circuit,
the re@ar iguition leade were removed and auilkry high-tension
w~res, which were tapped into the distributor, were led to one &
two grounding boxes and then to the cylinder. Remotely controlled
solenoids served to break the cIrcults. No ~ncrease fn spark-plug
gap WS? necessary to preciuie flring in the shorted cylindey. Tha
inc~ease of capacttance resulting frcm the extension of the high-
tenslon leads did not produce notlc~able effects on tinespark timing
inasmuch as the C?var-a?1 engine puwer was not noticeably affected.

MEZHOD 01-TESSS JIN3CALCUIA!TIO.NS

Test Procedure

With thg exception of teeta made ta extend the investigation
of mlxturo and power dlstribution, tho procedure a? test@ was
~overned by the method to be usad in ~valuat@ tinecCOII:G data.
The relatlon used In correlat?ingthe cGoling data, which ~cmsists
in yrincIple cd’a balance between the internal and external heat-
transfer promsstis, q be expresssd for tilecyllndor head by

Th - Ta In
=~‘g = K (OAp)m

(1)

A sLmll.arequation ~ be written for the cylinder barrel.

In order to datmnlne the exponents m and n, the coollng-
air p.’essire drop and the m.ginu powerj respectivel.y,were inde-
pcndently varfed and other ccmdltIons were hold constant. These tests
also allowud calculation af the ccnstent cf proportimallty K. Frcm
tests at vsrious ovur-all fuel-air ratios, the vakation d’ moan
offcctive ccmlmstion-gas temperature with fuel-air ratio was calcu-
lated tkmugh uso of equation (1) In the manner describad in rcfer-
enco 1. Tke tsst cmdltlons are sumnerIzed in the following table:

--
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. . .
En@ne parer Engine epeed Over-all

(bhp) - “(m) - fuel-air
ratio

1000 2200 0.089
1400 2400 .080

Varied 2600 ---do---
Do----------- 2200 Varied
Do---------- 2200 ---do---

1000 2200 ---do---
800 2200 ---do---

Coollng-alr
preamxre drop
(in. water)

Varied
Do.
9.8
8.4
7.2
9.2
9.0

The cooling tes%a were oonflned to engine operation with low
superolvarger-gaarrat10. Teete concerning one variable were usually
repeated for several values c& the other variables in otier to insure
generality of the results. At eaoh & the test conditions, ccmplete
temperature and pressure data were obtained and exhaust-gas samples
were tdsen.

Because the measurements of lndlvldual indicated horsepower
values were very time-oonsumlng, thls work was done as a separate
group of tests in which the engine power wae varied frm S00 to

1700 brake horsepower and the engine speed ranged from 1600 to
2600 rpm.

Correlation Calculations

C~linder and COOM rig-airtemperatures and pressures. - The tem-
peratures indicated by the theznmoouplea looated directly below the
rear spark-plug boss and at the middle rear barrel were used in
evaluatIng the constanta of equation (1) for the head and the bsm’el,
respectively, and will herehafter be denoted head temperature and
barrel temperature. The avemqp head and barrel temperature for
the 18 cylinders ware used In evaluathg the over-all head and barrel
relations. For convenience, the coollng-air temperature Ta waa
coneldered to be the temperature d the air entering the covlfng.

The cooling-air preaaure drop used for the cooling calculatiana
& waoh cylinder was measured as the d2fferenoe between the total
preasurea upstream frcm the cylinders (fig. 2) and the static pres-
sures behind the head and the barrel af eaoh cylinder. The cooling-alr
preaaure drop for the correlation d over-all coollng data waa taken
as the average al?these individual pressure drops. The value of u
was calculated as the ratio of the mean of upstream and downetroam
air denaitiea to the sea-level air denalty for Army sunmwr air. .~e

—- . _-. — —- . . .. . _
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upstream air density was based on upstream total preseure and cooll~-
alr temperature; the downstream alr density was based on the tempera-
ture and pressure measured by the rakes.

Mean effective combuetion-gas temperature. - By the use & the
method described In reference 1, the variation of the mean effective
ccmhustIon-gas temperature was calculated by use M equation (1)
frcm the teets during which only the I’uel-alrratio was varied. The
effeetive gas temperature was assumed to vary with the man{!old
tempe~ature.

‘6 = T@ + 0.80 Tm (2)

Owing to the presence of vaymized fuel, accurate detennlnatlon of
the mardfold temperatm Tm is clifficult. Consequently, the dry
mantiold temperature Is usually calculated frcm the carburetor-deck
temperature and the thecmetIC81 temperature rise through tlh6super-
charger aa—

ut2
Tm =Tc+—

~&J
(3)

For low euFercharger-gearrat10, this equation may be numerically
evaluated as

2

()
Tm - Tc = 22.1 ~~~ (4)

Indicated horsepower. - Because ‘thecharge-air weight for each
cy~-~nd~r :s a vwy d:.l”f=ultquan~ity to meamre, the correlation
calculations fcr the entire eng?na and for the individual cylinders
were based on values & total indicated horsepowe~ and the indicated
horeepwwer d the individual cylinders, res~ectivoly. Thxough the
use of unpublished data for the total frlcticn horsepower at full-
open tla?ottle(fig. 4), which also have indicated that the throttle
pos~tion and the Mold pressure have littlo effect upcm the total
friction horsepower, the totai tndhated horsepower wes tcikunas ‘he
sum of the total brake horsepwer and the total friction horsepower.
Distribution patterns of the lnd~cated h~rsepower for different
Fer:ods at’the test program at comparable engine condltione are shown
in figure 5. From this figure it can be egen ~kat the indicated-
horeepower distribution Is not perfectly reproducible but the msxl-
mum variation Is only 4.4 percent. The tndlcated-liorsepowerdistri-
bution was determined by averaging a number of such teet rune.
Because of possible inaccuracies in the friction-horsepower curve
or a coaeistcnt error in the use of the cylinder-ignition shorting
system, the eum of the individual indicated horsepowers did not equal
the actual tatal indicated horsepower; however, the variation was
usual- within t5 percent. In order to be conelstent in calculat~one,
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the measured values
varied as the ratio

.. —.. .——power. . .

of
of

9

Individual Indloated horsiepausrwere inversely
their sum to the actual total indioated horee-

. . .

RMUEI’S MD DlSCUS81DH

Engine-Coollrq 0haracter16tios

The result~”of oorrelat~ the average oooling data sum shown
In figure 6 for the oyllnder heads and the cyllnder barrels. The
oonetanta of equation (1) are defined by the ourves & fi@re .6and
the relatbns emong the cooling variable~ ~ be expressed as

~-Ta ~0.69
— = 0.00566 —
‘8-% (UAP)0”35

Tb - Ta 10.62
— = 0.01.37
‘g - Tb (OAP)0”45

(Head) ~ (5)

(Bm?el) (6)

The experimentally determined variation M man effectlvs canbusticn-
gas temperature with over-all fuel-air ratio Is shuun for oylinder
heade and cylinder barrels In figure 7 for a mantfold temperature
of 0° F.

In order to facilitate the detezmlnathn cf a trend that can be
effected by the varlation of one of the engine operatIng conditlone,
the cooling relatIon for the cylinder heads (equation (5)) may be
allghtl.ymodlfled ae

~-Ta= 1
(7)

‘8 - ‘a 0.35
1 + (@p)

0.69
.0.00566 I

and presented In graphical form. The effects af fuel-air rat10,
carburetor-deck temperature, and engine EJpeedare Incorporated in
the cauplete graphical solution of equation (7) as shown In fIg-
ure 8. The relations between the various ounponent curves as well
as the general prcaedure for applying the ccmposite curve is indi-
aated on the graph end an iilustrative example is presented in the
appendti. Problems Involvlng the manlpulation d equation (5) -
be quickly solved through use d figure 8. Beoause the graphical
analysis not anly takes into amount ooollng eqpat ion (7) but also
the effects of fuel-air rat10, o~buretar-deck temperature, and

.
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engine speed, It al?f%rs-a otivenlent methcd of quickly obse?wing the
effects & variations In the average engine data for this particular
Installaticm.

The relation betweb~ the average cylinder-head temperature and
the average rem? spark-plug gasket (flg. 9) enables over-all cooling
computations to be based on the re=-spark-plug-gasket temperature
as well as cm the cylinder-head temperature.

Cylinder-TemperatureDistribution

Tiieobserved temperatures of the individual cylinder heads and
cylinder barrels azz presented in figures 10 and 11, respectively,
together wlti~the’corresponding values af cooling-air pressure drop,
indicated horsepower, and fuel-air ratio for four values af engine
power. The dashed line through each temperature pattern indicates
the average cylhder temgsrature computed fran the over-all corre-
latton e~ession (eqysttons (5) and (6)). The striking feature
exhibited by the temporaturo pattarns is the tendency of the front-
row cyiinders to operate considerably hotter (tn some cases as nm.ch
as 125° F for the cslinder heads) than ‘themar-row cylinders. Fig-
uras 10 and 11 also show systematic variations in indicated horse-
power end coollng-air pressure drop bcdmen the frent- and the rear-
ruu cylinders.

!Zffectal?cocliw -air pressure drop distribution. - Ikcm pre-
li.mlnaqytests, ”little variation in coolhg-air pressure upstream
fra the cylinder was observed between frent- and rear-row cylinders.

Consequentl-y,the l=ger part of the pressure-drop variation results
frcm d.lfferencesbetween the pressures at the cylinder outlet for
the two rows. Because the passage between the front-row baffle out-
let end the ad~acent two rear-rcw cylinders appears to be the source
of coneiderablemixhg loss h addition to that mcurrlng downstream
frau the engine, the pressure drop across the rear-ruw cylinders
wf.11be greater than that across the frcmt-row cylinders. Differences
in the cooling-air flow characteristics and in the pressure losses ~
be expected In the test stand and in fli@t owing to the dffierence
between the methods cf su~Q i% cooling air. AI.though the weight uf
cooling-alr flow Is important as far as heat transfer is concerned,
the pressure drop may be used as an indication cf the we?.ghtflow
inasmuch as unpublished cal~bration tests cmducted at Clevelaad
indicate that the pressure-drop weight-flow relations were the same
for the cylinders of elthor ruu.

Effect of pcwer distribution.”- The indicated-horsepowervalues
of the frent-row c~n=are genurally greater (fig. 10) than
those of the rear-row cylinders; approximately 51.3 percent of the

—. ..- —-. -. —
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total power was developed by the front-row cyllndere and 48.7 per-
cent by the rear-row oylinders. This situation may be partly
ex$lained by the faot that the Intake pipes leading.to the front-
raw cyllnders are consldei?ablylonger than those leadlng to the
rear-row cylinders. The longer Intake pipes provide additional
inertia superoharglng f cm the frent-row cylinderb, and, consequently,
these cyllndera develop noticeably greater powers and higher oyl-
hder temperatures than do the rear-row cylinders. A power varla-
t1on & the size observed, huuever, contributes the smaller portion
of the temperature difference between the two rows.

lltfect & fuel-d-r-ratio distribution. - Bemuse no systamatlo
dIfferences were observed between the fuel-alr-rat10 uatterne d
the two cylinder rows (flg. 10), the MfYerehce in th= temperature
levele of the two cylinder rows will not depend upon the fuel-air-
ratlo pattern. It appears that the oiroumferential distribution of
temperature may be considerab@ Influenoed by varlaticm In fuel-air
ratio. In order to substantiate the fact that cyl~rider-headtemper-
ature dlstrlbutlon is sensitive to the fuel-air-ratio variations,
fIgure 12 Is presented shuwlng tests in which the mixture dletrlbu-
t’on was changed by varying the throttle angle while other engine
conditions were held ccnstsnt. The prooodure used for these tests
is explained in refermoe 3. The fuel-air-ratio dlstrlbutlons are
given for 1000 brake horsepower at full-opon throttle and at the
throttle angle required to-develop that p&er
carburetor-deck pressure. The ohanges in tho
ture distribution (fig. 12) resulted directly
changes In fuel-air-ratio distribution.

with sea-level
cyl~ndor-head tampera-
frcm the corresponding

Correlation of Individual Cylinder Temperatures

In order to observe the relation between the temperature dls-
trlbutlon and the distributions of ooollng-air pressure drop, engine
power, and ~el-alr ratio, the cooling data for eaoh of the cylinders
were separately ccmrelated. A ccenparlsonof the correlated cooling
data for eaoh cylinder with the correlated cooling data for the
entire engine (equations (5) and (6)) Is ehuun in figure 13. For
eaoh cylinder, the exponents m and n & equation (1) were found
to be very nearly 0.35 and 0.69, respectively, for the head and 0.45
and 0.62, respectively, for the barrel, the values determined by the
over-all cooling data. A study of the results shuwed the slopes of
the cmrelat Aon curves at’the individual cylinders to be ti agree-
ment; however, a varlation exists in the levels of the correlatIon
curves fra which it Is evident that faotms are present In the rela-
tion between the cylinders and coollng variables other than those
consldered In the cooling correlation. Consequently, even though

~–. s. –- ---- --- .—
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there would be perfect distribution & the ooollng-a~a pressure drop,
power, and fuel-air ratio, unequal temperature distrfbuthn would be
enccmntered. Agw% frcm the exper%ental errcm involved, wwlat Ions
in the levels of the individual cyllnder correlation curves msy
result fmm unccmtrollable and unaccountable variables and small

tatlon.variatIons in instrumen

h order to extend the study of the ma@tude of temperature
variations among cylinders and to Investigate the extent to which
each cylinder operated as an Isolated single cylinder responding to
its own set & cperat~ng conditicms, the temperatures corresponding
to t,lecoollng-air pressure drop, power, W fuel-air ratio c@ each
c~lhder were calculated (ualng a modlfied form of the over-all
cooling relations, equaticns (5) and (6)) and ccznparedwith the
obse?med vd.uee. These ccmpariscms are shown in figures M and 15
for the cylinder heads and cylinder bsz’rels,respectively, at four
vaiues d totai engine power. Although the canputed temperature
dietributions are ver;:S+hll= to tho olmerwd values, discrenanctes
in temperatures averaging 20° F exist and emphasize the importance
& ex?.raaeoueeffocts on cyi~nde~ temperature. A direct correspond-
encee is apparent, kovever, be&wean ‘be &xieti~ tem~wature di.stri-
bution and the &istributions of coo15.ug-airpruseure drop, powe%,
ami fuel-air ratio.

The fore~olng results also Indtcata that a definlte l-!!mit
exists for ‘&e Imprumnmnt in temperature distributlfm tha= may be
attained by producIng untfcm distributAuns of coullng-alr pressure
drop, power, ati .fuel-alrratin. Tne tcmpsratum varlatImls remaln-
Ing sfter solving the distribution problems appear to be approxi-
mately the magn.tude of the diffeiwnces betweartthe actual and the
calculatmi temperatures shown in fIgures 14 and 15 and will thero-
fore avorago t20° F.

SUMMARY 03’RESUIITS

The anaiysis d th.3 coding data and the study M the distri-
butions M cyllndar temperature, cooljng-alr pressuro drop, power,
and fuel-air ratlo on a double-row radial aircraft e%lne hdicato
that;

1. TkroL~h usc of tilecoolin& equation, the slopGs d the
individual-cylindercmrela~lon curvee were the seine,however, a
variation existed in the love1s & tho correlatIon curves. Conse-
qumstly, even though there would bo perfect distribution & the
cooling-air pressure drop, power, and fuel-air ratio, unequal tr3m-
perature distributIon would be encountered.

. .— -- . —
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2. For engine powers frau 1000 to 1700 brake horsepower, a
dl~ct correspondence existed between the oylinder-temperature
patl%rns”~ the Mstributians’ of cooling-air pressure drop,...power,
and fuel-hir ratio.

3. The observed individual oylinder-head temperatures and the
oylinder-head temperatures calculated from the individual oylinder
operating mnditlona U?fered by en average cif 20° F. The temper-
ature variatlone amo@ oylinders that will remain efter improvmen t
in distribution cd cooling-alr pressure drop, power, and fuel-air

ratio will be an average of t20° I’, the sane order as the dtPfereme
be@reen the aotual and oanputed temperature distrlbutiaa.

..

Alrortit.Engine Reswmoh Uiboratom,
I!latlonalAdvisory Ccumuitteefor Aermautios,

Cleveland, Ohio.

. . .. . .
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APPEliDIx- m OF GRUEICAL cooIIIm ANALYSIS

The use of the gmphical
trated by an exmuple in which
frcm the engine operating and
ecmpared with that calculated

Ooollng analysts Cf fi@lre 8 Itl illus-

the oyllnder-head temperature is found
Oooling Condltlm. The result 113
by means d equation (5).

“ The fO~~ eqine condltiom are assumed:

Over-all fuel-air ratio... . . . . . . . . . . . . . . . . 0.092
l?lnginespee d, ~....... . . . . . . . . . . . ...2200
Brake horsepower . . . . . . . . . . . . . . . . . . . . . . 1400
Friction horsepower . . . . . . . . . . . . . . . . . . . .. 236
E3?fectlvepressure drop, In. water . . . . . . . . . . . . . 8.40
Ccollng-air temperature,%.. . . .. . . . . . . . . . . . . 53
Carburetor-deok temperature,% . . . . . . . . . . . . . . . . 65

In order to find the cylinder-head temperature frcxufigure 8, the
followlng steps must be taken:

1. Find the value of 0.092 for the fuel-air ratio and drop
vertically to point 1; move horizontally to point 2 thus accounting
for the effects of carburetor--decktemperature and engine speed.

2. Move vertically to point 3 and then horlzcmtally to point 4
to fhd the lIu & c~t=t Tg - Ta.

3. Fran a coollng-air pressure drop af 8.40 Inches af water,
move vertically to the line & constant indicated horsepower of
1636 {point 5) and then horizontally to point 6. A junction Is then
made with the Mne of constmt Tg - Ta originat W frm point 4.

4. Move vertically frau point 6 to a value M 324° F Indicated
for ~ - Ta. Add the cooling-air temperature d 53° F (point 3)
tO the VdU3 Of Th - Ta to obtain the value of 377° F for the aver-
age cyllnder-head temperature.

By means of equation (5), the cylinder-head tanperature Is
ocmputed as 360° F.

It is evident that by a methcd similar to that presented In the
preceding example, fIgure 8 may be used to find the required cooling-
air pressure drop, the indicated horsepower, or the fuel-air ratio
when all other conditIons are known. The figure, however, does nut
lend Itself easily to the determination & ooollng-alr temperature.
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Fig. I

Figure I. - Installation of test engine.
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Figure 1“0. - Continued.
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(a) Brake horsepower, 1000; ●ngine speed, 2200 rpm.

Figure II. - Distribution of cylinder-barrel temperature, i n-
dlcated horsepower, cooling-air pressure drop, and fuel-air
ratio among the cylinders. Supercharger in low-gear ratio.
(Dotted lines indicate that data ”were unavailable on the
intervening cylinders. )
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Figure 14. - Comparison of observed cylinder-head temperatures
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ating conditions. Supercharger in low-gear ratio.
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